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Resources for life

Databanks

* National databases on water, oil and gas, minerals and environment
* National core store

Water resources

* National groundwater monitoring for clean drinking water
* National groundwater mapping and hydrological modelling

Energy resources

* Hydrocarbon potential in Danish and Greenland sectors
* Geothermal energy, ground source heating and geological storage of CO,

Mineral resources

* Geological and mineral resource evaluation in Greenland
* Geological mapping and exploration for raw materials in Denmark

Nature and Climate

* Paleoclimate and monitoring of earthquakes and Greenland ice sheet
* Coastal zone management and soil pollution

International Development Activities
* Building expertise in Africa, Asia and South America
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Energy systems based on closed loop
boreholes - tools and best practice

Modeling of sensitivity for a 100 m deep BHE
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Energy systems based on closed loop
boreholes - tools and best practice

Modeling of sensitivity for a 100 m deep BHE
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Thermal conductivity of common Danlsh
sediment types
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The national borehole database JUPITER

Borehole archive / database founded
in 1926

Information is freely available on the web

GEOLOGICAL SURVEY OF DENMARK AND GREENLAND

>270.000 borehole descriptions
=> 6 boreholes / km?

° De Nationale Geclogiske Undersageiser for Danmark og Grenland Udskrevet 15/3 2012 Side 1

o'y s

BORERAPPORT DGU arkivnr: 98. 1312

Borested : Godthabsvej 53
8600

Kommune : Skandsrbarg
Region  : Midtylland

Boremetode : Skyleboring

Boringsdato : 7/8 2010 Boringsdybie - 120 meter Terrmnkote : 53.0 meter 0. DN
Brendborer : GeoDriling A/S Prover

MOBnr - -modiaget 222011  antal : 40
BEjoumnr - - beskrevet - 1582011 af:CDI
BBbomr - - antal gemt : 0

Formdl - Andet Koriblad - 1214 152 Datum EUREFES
Anvendelse : Jorcharme opined Koordinatkilde  : Brandsorer lck.

Ummmud aﬂ'ma 6211488 Koordinatmetode : GFS

Notater : Preveme dybers end 45 m er lithostratigrafisk bedamt 5f Claus Heimann-Clausen A U.
Indberettet prevepose (51247) 15-12 m .. ikke indsendt. derimod ekstra prevepose (51282) fra bundboring indsendt.

e e
7 ,,-ﬂuuu: sandst, leret, svagt gruset, clvenbrun, kaikt (i), Frove Lataget ved 3m.

Lemgmre | P

| [ Lo tmastsandet, mus-noidg. oivenonun, kalki. (). rove uckaget ved §m.

155 51T ket svagt sance, Iy obvenbn, st=rkt Kakhoklg. (gacia melevandssit). Frove (g1
Uetaget veg 3 m.

Int og groft, svagt sandet, svag: kalkhoidg (glacal smetevandsgnis). Frove
-naqammmmmmm k. sten, spraget farve fra enk_ ko,

(glackal
. Spraget Tarve1ra Enk kom

ullnﬁﬁllgil
KImagtgran
verae |

GVENDIIN, KaIKNGISY. (3cial EMAEVANSSIN). Fove Lataget

ved|

1= Gaus, nnt og gron, ménigr soneret sanger, Svagt KIMNOIY. (Gl SMENEANASINS).
Freve udiaget ved 21 m. Note: enk. sien, spraget farve fra enk. kom.

/ 'mmnmwngmmmmgmmmugnm {ogoceen-
1 Vet 1) Frave.




G EUS

Web based tool to estimate thermal
conductivity in new project areas

X v

Energiteknologisk udvikling og demonstration

Assesment of thermal conductivity
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http://geuskort.geus.dk/termiskejordarter/

www.geus.dk

Sediment distribution and estimated conductivity

Dybdeinterval Sediment distribution (%) Boringer
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Integration with external energy calculation programs

Lodrette boringer - Beregner

BETA VERSION

1. Indlees data fra GEUS

2. Kor beregning

1. Downloade data fra GEUS

2. Tryk pa knap "1.Indlzes data fra GEUS"
3. Szt veerdier i gronne bokse

4. Tryk pa "2. Kor beregning”

Borehul

Input
Antal borehuller: -1
Leenge borehul: [m]
Diameget borehul [m]
Borehulsmodstand: [(m*K)/W]
Varmepumpe

Input
Installeret effekt: [wi]
Arligt varmebehov: [kwh]
Varmekreds:
COP: -1

Resultater
Start brine temperatur:

Forventet brine
temperatur efter 303r:

Slange belastning:

Varmeledning p3 jorden ‘
(veegtet gennemsnit): ‘ [W/(m*K)]
Varmekapacitet p& jorden
(veegtet gennemsnit):

 [3/(kg*K)]
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Tilfej flere lag manuelt

Slet nederste lag

Nr Lagtykkelse Varmeledning Varmekapacitet

1 25 [m] 1,77 [W/(m*K)] 1402 [/(kg*K)]
2 25 [m] 1,81 [W/(m*K)] 1409 [3/(kg*K)]
3 25 [m] 1,97 [W/(m*K)] 1413 [3/(kg*K)]
4 25 [m] 1,85 [W/(m*K)] 1397 [3/(kg*K)]



Estimating thermal conductivity in new
project areas

The thermal conductivity of the sediments surrounding a BHE is a crucial
parameter controlling how much heat that can be extracted

Through sampling and laboratory measurements it has been possible to
establish a relationship between lithology and thermal conductivity for a
number of common Danish sediment types

The expected thermal conductivity of common danish sediments is use to
estimate the thermal conductivity in areas with no measurements using
sediment descriptions available in the national database JUPITER

The application can make aggregated calculations that involve selected
drillings within a user-defined polygon at depth intervals of 25 m.

http://data.geus.dk/geusmap/?mapname=termiskejordarter&lang=en

The application has been developed for Danish users and full translation to English has not been implemented yet
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Web application for screening local conditions
suited for geological heat storage
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« Potential heat storage &

- & tool for assessing potential heat storage in shallow
subsurface.
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See also Portal for deep geothermal energy
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Main storage types

Limited groundwater flow

Borehole thermal energy storage
(BTES) =
(15 to 30 kWh/m?) o

\i‘—x 0 20 40

3650 [d] _VY"]_

Well known groundwater flow

Aquifer thermal energy storage
W 102
(ATES) =
(30 to 40 kWh/m?) o =
o T
o L1
oo
1
|
li:jf-x 0 20 40
FLOW (R) 3650 [d] T

From: www.solites.de
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Sites suited for BTES:

s

Areas with a thick unsaturated zone

IOverﬂademndl

Areas with homogenious clay deposits

Formations of impermeable limestones

Impermeable bedrock
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Sites potentially suited for ATES

Areas with coherent groundwater bodies

Tvaeprofil US Skerping Vandvaerk, Hanebakken

¥ Shorping, Hanebakken Nord

S Skorping, Jmgersborgve) s
g2n $5d

Deepere sand reservoirs

Fractured limestones
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www.geus.dk
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Energteknologisk udviing 0g domonstrotion

Location of heat plants

« Potential heat storage & 5 = | catilsted.. Q
- a tool for assessing potential heat storage in shallow I(Tgx 2, tél A H Reset map
subsurface.

i Bonnerup Strand 7

See also Portal for deep geothermal energy.

[ Terms of use | & Web services b=
¥ Overview I O )entoft
Potential areas m<
Nimtofte
M Heat producers 11 B
& Layer Extent

Varmeproducenter 2016, iflg. Dansk
Fjernvarme

Data visible upon zoom-in to local region.
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% Geology
¥ Groundwater
¥ Other layers
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Online information from the
database

Q
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www.geus.dk

national borehole

Layer information

» Potential areas

Legend
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Catchment and groundwater protection areas
BE = OB <

|% Terms of use | «* Web services

v Overview

Potential areas

Heat producers

> Geology

V¥ Groundwater

[] Most recent water level (borings
more than 10 m)

[] Boring yield

[] water types

[] Public waterworks
[] Active extraction

¥ Ground water interests
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Screening of sites suited for shallow
geological heat storage

As part of a national project to map the potential for geological
heat storage in Denmark an interactive web tool has been
developed.

The tool utilizes relevant data from the Danish Geological Survey
(GEUS) and other public databases.

It focuses on finding areas with particular geological settings
suited for either BTES or ATES plants and limited conflicting
interests.

http://data.geus.dk/geusmap/?mapname=varmelaqgring

The application has been developed for Danish users and full translation to English has not been implemented yet


http://data.geus.dk/geusmap/?mapname=varmelagring

A WebGIS portal for
Deep geothermal energy

The purpose of the portal Is to:

» Present processed, and interpreted geophysical,
geological and petrophysical data relevant to
deep geothermal energy (800-3000 m b.s).

« Make these data easily accessible in a
manageable way.

» Give stakeholders in the geothermal industry an
overview of the composition of the subsurface

and the density and quality of the geological
data.

Temperature gradient 25-30°C/km

» Present an assessment of the geothermal
potential at national level in order to direct the

geothermal activities towards the most promising et
areas

GEOLOGICAL SURVEY OF DENMARK AND GREENLAND


http://dybgeotermi.geus.dk/

GEUS www.geus.dk

Extent and quality of the geological data

Seismic data coverage and quality
——  Very poor
X ——  Poor
ZS — Reasonable
—  Good
A —— Very good
X Petrophysical log data and quality
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Quality indexes reflect to
which degree the data can be
used to extract information
about geothermal reservoirs in
the deep subsurface
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' n
Gassum Formation

|:]Sandstone Eshale < Coal i d

Compiled thematic maps

1D data: Well data and cores

GEUS www.geus.dk

2D data: seimic data

Depth to reservoir

Reservoir thickness

Gross sand

Potentiel reservoir sand

Porosity
Permeability
Temperature

GEOLOGICAL SURVEY OF DENMARK AND GREENLAND

853 muh

11111111

1830 m.uh




GEUS www.geus.dk
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Geothermal potential

/£
— [ ] No potential I
b = el General reservoir map
B Two or more reservoirs

g Structurally complex area
and |ImlteJSEIsmIC data (800-3000 m)

@ Geothermal plants i DK
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Punktsegning

[l Haldager Sand Fm
[] Gassum Fm

Hvad viser punktsegningen?

a8

? | Geothermal potential
: [ No potential

Lagpakker med geotermisk potentiale

] One reservoir

B Two or more reservoirs I nte ra Ctive Ma pS

{;3 Structurally complex area
: and limited seismic data

Lithostratigraphy and depth of
the mapped resevoirs is
shown interactively.

In this example the Gassum
and the Haldager Sand
Formations have a
geothermal

potential within the depth
interval (800-3000m)

- e i
GEOLOGICAL SURVEY OF DENMARK AND GREENLAND



/2 N Geothermal potential

[ ] No potential

[ One reservoir I nte ra Ctive ma ps

B Two or more reservoirs

) Structurally complex area . .
Q and linitead selsrtic data An interactive 3D tool

\ visualises the subsurface
topography of mapped
seismic horizons

Punktsegning

Lagpakker med geotermisk potentiale

[l Haldager Sand Fm
[] Gassum Fm

,,,,,,,,,,

Hvad viser punktsegningen?

3D

avaitaie




Geothermal potential

L1 No potential

[ One reservoir =

B Two or more reservoirs I nte raCtlve ma ps

Structurally complex area
and limited seismic data

Geosections illustrate the
subsurface geology on a
regional scale, e.g. the
occurence of faults, salt diapirs
and the distribution of the
lithostratigraphic units

| 25 km

Ringkabing—Fyn High |
D Danian limestone and Chalk Group

Frederikshavn Fm
:I Haldager Sand Fm

- Fjerritslev Fm

Skagerrak—
Kattegat
Platform

Danish Basin I Sorgenfrei—Tornquist Zone |

:| Gassum Fm incl. Lower Jurassic unit

Top Pre-Zechstein

:l Skagerrak Fm (Skagerrak—Kattegat Platform) / Fault

:I Bunter Sandstone Fm and Skagerrak Fm
(time equivalent subinterval to Bunter Sandstone Fm)

Zechstein Group

AR T Sy

N L) NLA




The use of the WebGIS portal

The WebGIS portal
(Quality assured and interpreted data)

Overview of the geothermal potenﬁ
- nationwide

Regional geological theme maps, e.qg.:
« Distribution and depths
» Faults, structures
« \arious reservoir parameters:
- Porosity
- Potentiel reservoir sand
- Transmissivity
- Temperature
« Data coverage and quality

[Focus on the depth interval 800 — 3000 meter

==

Specifik area of interest

of the geothermal potential

I

Collection of additional
geological data
(~e.g. seismic data)

Specifik geological evaluation}

\

v 4

Preliminary calculations of
Heat effect, economy and
profitability



Thank you for your
attention

http://dybgeotermi.geus.dk/

The application has been developed for Danish users and full translation to English has not been implemented yet
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http://dybgeotermi.geus.dk/
http://dybgeotermi.geus.dk/

The Prequaternary %
of Denmark

Randmorane

Smeltevandsslette Dedismorane Morzneflade Fjord
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Glacial and postg.
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The shallow
underground

Them

4/ Frederkshavn Reservor
Haldager Reservoir
Gassum Reservoir

@7, Siagerrak Reservoir

7, Bunter Reservoir

s | OB Gassum Res. for dybe

v ] & Bunter Res. for dybe

The deep
undergrund

GEOLOGICAL SURVEY OF DENMARK AND GREENLAND



